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The invention described herein may be manufactured 
and used by or for the Government of the United States of 
America for governmental purposes without the payment 
of any royalties thereon or therefor. 

This invention relates to an optical indicating device, 
and more particularly to a display apparatus for visually 
presenting to the pilot of an ah'craft information respect 
ing the proper approach angle for the safe landing of such 
craft on an area of limited size. 
Very little di?’iculty is normally experienced by aircraft 

pilots in landing their craft on the usual type of com 
mercial or military air?eld, since the length of the run 
ways is normally ample to accommodate the require 
ments of any particular aircraft to which landing clear 
ance has been given. However, the same is not necessarily 
true of mobile landing platforms or decks such as are 
found on modern aircraft carriers, such decks seldom 
exceeding 900 feet in length. In spite of the arresting 
gear which is designed to intercept and rapidly decelerate 
an aircraft following touch-down on these decks, it is 
extremely important that the entire landing operation 
follow precise standards, as otherwise damage to the air 
craft and/or injury to the pilot is likely to occur. 
One of the earliest methods designed to guide the pilot 

toward a safe landing on an aircraft carrier (and which 
method is still extensively employed) utilizes the services 
of an individual who is trained to convey visual informa 
tion to the pilot of the aircraft with respect to the craft’s 
position. This individual, usually designated the Landing 
Signal Officer (LSO) stands to one side of the runway 
and signals the pilot by means of small paddles held in 
each hand. Obviously the effectiveness of such a method 
depends upon many factors, such as the skill of the LS0, 
the experience of the pilot, and both the weather and sea 
conditions existing at the time of the landing operation. 
This particular method of guiding a pilot to a safe landing 
is still used under favorable conditions, but the increasing 
landing speeds of jet aircraft reduces the available time 
during which signals may be given to a period so short 
that it is frequently impossible to convey all of the in 
formation required by the pilot. 

In recognition of this de?ciency in the above-described 
procedure, an optical system has been heretofore devised 
which more or less automatically conveys information to 
the pilot and eliminates the necessity for the LS0 to 
“wave-in” the aircraft. This optical system incorporates 
a mirror positioned to' one side of the runway and 
oriented at an angle thereto so as to present to the pilot 
of an approaching aircraft the image of a ?xed light 
source arranged in front of the mirror in such a position 
that light therefrom is re?ected to the pilot. The path 
de?ned by the reflected light is chosen to generally coin 
cide with the optimum aircraft approach angle when the 
image of the light source appears at a predetermined loca 
tion on the mirror. A horizontal reference line is estab 
lished at the mirror, and the pilot observes the image of 
the light source at a certain vertical position with respect 
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to this reference line, the image appearing to move up " 
or down in accordance with variations in the aircraft’s 
angle of approach. If the angle of approach is too great 
(or, in other Words, if the aircraft is too high) then the 
observed image will appear to lie above the reference line. 
Similarly, 11 the angle of approach is too small (mean 
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ing that the aircrafttis too low) then the image will be 
below the reference line. Only with a correct approach 
angle will the'image and the reference line substantially 
coincide in a horizontal sense. 

Such a system ?nds wide use at the present time, but is 
subject to a number of disadvantages, the principal one 
of which is that the deck or runway of an aircraft carrier 
is subject to considerable movement as a result or" rolling 
and pitching of the vessel. This causes'the re?ected light 
to correspondingly change its angle with respect to the 
horizon. This problem has been recognized, and attempts 
have been made to correct the condition by mounting the 
apparatus on a gyro-stabilized platform, but the-disadvan 
tages are not entirely eliminated because the amount of 

“ pitching and rolling of the deck is not conveyed to the 
pilot and he is therefore unable to take this factor into 
consideration in landing. Another drawback is that solar 
re?ection occurs from the mirror when the sun is low on 
the horizon, and in extreme cases the entire mirror system 
is rendered practically invisible.‘ When gyros are used 
for stabilizing purposes, it is difficult to place complete 
reliance upon the mechanism, since such systems are 
highly prone to electrical and/ or mechanical malfunction. 
Furthermore, their initial expense is quite high and main 
tenance cost almost prohibitive. A still further disad 
vantage arising from the use of a system of the type 
being described is that in the event of a breakdown or 
other damage to the apparatus, the only landing aid avail— 
able for the pilot is a “talking-down” by the LS0 with 
conventional paddles. 

In any consideration of the advantages presented by the 
apparatus herein disclosed, it should be borne in mind 
that a number of physiological factors are also present 
in any operation involving the landing'of an aircraft. 
Especially under the circumstances described, the pilot 
quickly becomes accustomed to the presence of the con 
ventional re?ecting device, and when the latter (com 
monly known as the “meat-ball”) is for any reason inop 
erative, it is disconcerting to him to be forced to adapt 
to guidance in the'form of manually-held paddles. Radio 
control is likewise not completely satisfactory, since 
instructions conveyed verbally are not interpreted as 
rapidly as visual instructions, and the precise amount of 
correction required is di?icult to convey in this manner. 
It is extremely important that the pilot be given his 
position by a presentation identical to that which he has 
been trained to interpret. All of these objectives could 
be met through'the use of a reliable visual display system 
that is capable of setting forth in de?nite fashion the 
direction and amount of any positional correction of the 
aircraft, that is necessary to achieve a satisfactory 1and— 
ing operation. Along this line, it maybe mentioned 
that at night, or during periods of restricted visibility, 
it is a common occurrence for the pilot to lose the “meat 
ball” early in his approach, with no indication being 
provided as to the direction in which it has departed. 
The pilot is consequently at a complete loss as to whether 
he is too high or too low, and, as a result, is vquite likely 
to make an improper landing with possible serious con 
sequences. If he is too high, by the time he discovers it 

' (usually by the LS0 telling him by radio) he is too close 
in to dive for the glide path, and,v similarly, if he is too 
low, he ?ys level until he intercepts the path, but this 
interception usually occurs so close in that insu?icient 
time remains to complete the landing without radical or 
unsafe maneuvering close in to the carrier. 

According to a feature of the present invention, an 
‘auxiliary visual landing system is provided which may 
either supplement the standard mirror landing system in 
the event of a malfunction by the latter, or, if desired, 
completely replace the equipment now being used. An 
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important characteristic of the system herein set forth is 
that the'Landing Signal Officer is given full control over 
all aircraft landings, and is able to utilize his knowledge 
and experience in determining what information is to be 
presented to the pilot of an approaching craft. Basically, 
an " arti?cial “meat-ball” is substituted for the present . 

' system, entirely eliminating the'need for re?ected energy. 
A characteristic of the disclosure is that the information 
to'be conveyed to the pilot is determined by the LS0, 
and hence the pilot can rely upon such information as 
constituting a calculated evaluation of his approach 
pattern. If the deck of the aircraft carrier is pitching or 
rolling, the LS0 simply. supplies information through the 
apparatus under his control of a type thatthe LSO be 
lieves is proper under the circumstances. For landing at 
night and during times of limited visibility, the LS0 ob 
serves the approaching aircraft, and leads the pilot to 
the glide path. In the still further ‘event of damage to, 
'or» inoperativeness, of, the mirror landing system, the 
LS0 takes over entirely and guides the pilot'to the landing 
strip. . ' 

An additional feature of the present disclosure is that it 
enables the'pilot of an approaching aircraft to have 
knowledge not only of his position relative to the glide 
path, but also .as to the rate at which any error is being 
corrected should he be above or below‘ such path. In 
other words, not only is the presence of an error indi 
cated, but also the magnitude of this error and the rate 
at which the error is being “overcome. 
One object of the'present invention, therefore, is to 

provide means for facilitating the safe landing of high 
speed aircraft on an area of restricted size. 

Another, object of the invention is to provide a device 
for visually presenting to the pilot of an aircraft his loca- . 
tion relative to a desired line in space, and the amount 
and‘ direction of any corrective action which should be 
initiated to bring the aircraft to such line. 
A further object of the invention is to provide a system 

for facilitating the. landing of high-speed aircraft upon a 
carrier, this means‘ being manually controllable-in re 
sponse to an observation of the approaching aircraft by 
an individual stationed on the carrier and who is capable 
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of predetermining the environmental conditions which will ' 
exist at the time the craft actually reaches the landing 
strip; 
‘Other objects and many of the attendant advantages of 

this invention will be ‘readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings,- wherein: 
FIG. 1 is a perspective view of an aircraft carrier on 

which has been mounted anaircraft landing aid designed 
in accordance with a preferred embodiment of the present 
invention; ' ' 

FIGS. 2a, 2b and Zcdepict various locations of an illu 
minated indicator light with respect to a ?xed horizontal 
reference level, FIG. 2a illustrating an illuminated datum 
light as seen by the pilot of an approaching aircraft when 
he‘ is on the correct glide path, FIG. 212 when he is ap 
proaching too high, i.e., at too steep an angle, and FIG. 
2c when he is approaching too low; 
FIG. 3 isia side. viewiof the datum light assembly of 

FIGS. 1 and 2, also showing a manually-operable control 
mechanism; and 
FIGS. 4 and 5 are side and front views, respectively, -~' ' 

of a modi?cation of the aircraft landing aid of FIGS. 1, 
2 and 3. . ' 

Referring now to the embodiment of the invention set 
forth in FIGS. 1, 2 and 3 of the drawings, there is shown 
an aircraft carrier of the type having an angled deck 10 'H 
which allows an aircraft (such as designated by the'refer 
ence numeral 12) to land at the same time that others 
are'being catapulted from other portions of the deck. 
In the usual fashion, a number of wires forming part of 

. a standard‘ arresting gear are shown by the reference 
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numeral'14 as stretching across the landing area. The 
broken line 16 is representative of the pilot’s line-of-sight 
to the center strip 18 of the landing area, while a further 
broken line 2t} represents the pilot’s line-of-sight to an 
indicating device 22 ?xedly mounted on the aircraft carrier 
to one side of the landing deck 10. , 
The indicating device 22 of FiGrl comprises a plurality 

of selectively-energizable datum lights combined in a 
particular manner with a plurality of constantly-energized 
reference lamps, and the relationship of these elements 
will be more clearly understood from the description of 

' the operation of the arrangement now to be set forth in 
connection with FIGS. 2a, 2b and 2c of the drawings. 
It might be mentioned at this point, however, ‘that the 
aircraft landing system to be described herein may, if ' 
desired, be employed in conjunction with other apparatus 
which is, now more or less standard equipment on many 
naval vessels. As an aid in understanding the manner in 
which applicant’s concept is coordinated with this previ 
ous equipment, reference is made to FiG. 2a, which shows 
a mirror 24 mounted in a generally vertical position and 
arranged to face the pilot of the approaching aircraft 12. 
This mirror 24 is supported upon a platform 26 so. as to be 
rotatable through a limited angle about a horizontal axis. 
The platform 26 upon which the‘m'irror 24 is mounted 
may be stabilized with reference to the horizon by a 
suitable gyro unit (not shown) to compensate for pitching ' 
and rolling movement of the ship. The above details of 
the mirror 24 and its associated equipment form no part , I 
of the present invention, and are set forth in Patent No. 
2,784,925, issued March 12, 1957, to H. C. N. Goodhart. 
It is only necessary for the purpose of the present inven 
tion to recognize that this mirror 24 has associated there; 
with a series of horizontally-arranged indicator lights 28 
located on each side of the mirror 24 and approximately 
midway between its upper and lower extremities. These 
reference lamps 28serve to'establish a horizontal refer 
ence level as seen by, the pilot of aircraft 12, so that the’ 
particular indications provided by the optical devicerof 
applicant’s concept may be positionally coordinated there- , i 
with in a manner now to be set forth. 

In the above-mentioned patent toGoodhart there is dis- ‘ 
closed a system yielding an image commonly described in 
naval terminology as a “meat-ball.” By re?ection of light 
from a ?xed source mounted aft of the mirror 24, the 
apparent location of this source (that is, the image thereof) ' 0 
will possess a vertical position dependent upon the height ' 
of the aircraft 12 with respect to a predetermined proper 
glide path. Undermany, conditions this “meat-ball’? ar 
rangement operates satisfactorily, but when the deck of 
the carrier is pitching to any appreciable degree, the 
mirror 24 becomes extremely unreliable, and the‘ landing 
of aircraft 12 is usually accomplished by the Landing 
Signal O?icer “talking" the pilot into ‘a favorable position. ‘ I 
To eliminate this de?ciency in the present arrangement, 
meansare provided in the present disclosure for placing 
the information given to the pilot under the direct" control 
of the LS0. ~ Basically, an arti?cial meat-ball is substituted 
for the mirror 24, and visual information is given to the 
pilot of the manner in which the LS0 is evaluating his ap 
proach. If the deck is pitchingthe LSO'estimates from 
his background'of knowledge and experience where he be 
lievesthe pilot should see the arti?cial meat-ball (herein 
after simpli?ed to AME). The‘same is true in instances 
when electrical or mechanical malfunctioning of the mirror 
system 24 occurs. ' ' 

The arti?cial meat-ball (AMB) of the inventioncom 
prises a vertical row of lamps shown in detail in FIGS. 2a, 
b and c and generally designated by the reference numeral 
39. As shown, seven lamps are arranged in a vertical 
row, and provision is made whereby any selected one of 
the lamps may be illuminated while the'remainder of the ‘ 
lamps remain deenergized. Although a more complete 
description of the selector mechanism will be set forth 
in connection with FIG. 3, it may be mentioned at this 
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time that the LS0 may, for example, illuminate the center 
most lamp 32 (FIG. 2a) when the aircraft 12 is ap 
proaching along the correct glide path. However if the 
aircraft to too high, the LS0 may illuminate the topmost 
lamp 34 (FIG. 2b) while, in corresponding fashion, a too 
low approach of aircraft 12 is visually communicated to 
the pilot by illumination of the bottommost lamp 36 (FIG. 
20). To facilitate a ready comprehension by the aircraft 
pilot of which particular one of the lamps 32, 34 and 36 
is illuminated, the horizontal row of lights 23 is constantly 
illuminated to provide a background by reference to which 
the particular vertical lamp energized may instantly be as 
certained. 
The number of vertical lights employed is purely arbi 

trary, and depends upon the increment of correction which 
it is desired to communicate. For example, in FIG. 2b, 
if the aircraft approach is only slightly above the glide 
path, the intermediate lamp 38 may be illuminated. 
Correspondingly an approach which is higher than in the 
case just described but which does not reach a point where 
illumination of lamp 34 is necessary may be communi 
cated to the pilot by energization of a further intermediate 
lamp 46. 

If the LS0 wishes to communicate to the pilot that no 
landing should be attempted, but that he should “wave 
oif” he will flash a series of “wave-off” lights 42 which by 
their position and nature of energization will clearly bring 
to the pilot’s attention that by reason of an incorrect land-, 
ing position (or otherwise) he should not touch down 
upon the landing deck. These wave-off lights 42, how 
ever, have been known ‘prior to applicant’s invention, and 
are only mentioned as being complementary thereto. The 
same remarks apply to a further series of lights 44 which 
may be selectively energized in any desired manner to indi 
cate to the pilot of aircraft 12 that he should reduce the 
speed of his craft by cutting or slowing down his motor. 

In FIG. 3 is shown a side view of the vertical lamp 
assembly of FIGS. 2a, b and 0 together with a. selector 
switch 46 the handle 48 of which is intended to be manu 
ally actuated in the direction of the arrows by the LS0 
while viewing the approach of aircraft 12. As shown, 
movement of handle 48 will result in selective energization 
of any particular one of the vertically-oriented lamps such 
as 32, 34, 36 etc. It is apparent that the LS0 may 
instantly change the indication if the approach pattern 
of aircraft 12 changes during the landing operation. Ob 
viously only one of the lamps 3% may be energized at any 
particular time, so that it is impossible to present mis 
leading information of this nature to the aircraft pilot. 

In FIGS. 4 and 5 is shown a further embodiment of the 
invention which provides a continuous correction of error 
rather than being limited to a number of incremental 
choices corresponding to the number of lamps comprising 
the series 30 of FIGS. 2 and 3. This continuous correc 
tion is accomplished by a single lamp 50 which is mounted 
for movement in an up-and-down direction in a slot 52 
formed in a vertical standard 54 having an overhang 55. 
Behind the standard 54 (as seen by the pilot of aircraft 12) 
is a threaded shaft 56 encircled by a collar 58 supporting 
and positioning the lamp 50. It will now be appreciated 
that, upon rotation of shaft 56, the collar 58 and hence 
lamp 50 will move vertically, the direction of movement 
being determined by the direction of shaft rotation. The 
latter movement is achieved by energization of a reversi 
ble motor 60 acting through a pair of ‘bevelled gears 62. 

6 
A control box 64 is provided with a pair of “up” and 
“down” buttons for controlling the polarity of the voltage 
applied to motor 69 and hence the direction of rotation 
thereof. Control panel 64 also contains a light intensity 

5 control switch 66, which may be a potentiometer providing 
regulation of the magnitude of the energy supplied to 
lamp 5%} over a ?exible conductor 68. Except for the 
details mentioned, the arrangement of FIGS. 4 and 5 is 
generally similar in its basic aspects to the apparatus 
illustrated in FIGS. 1, 2, and 3. 

Obviously many modi?cations and variations of the 
present invention are possible in the light of, the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as speci?cally described. 

I claim: 
1. A device for aiding the pilot of an aircraft to follow 

a correct approach path to touchdown on a landing area 
of restricted size, said device being controllable by an 
observer of said craft stationed in the vicinity of said 
landing area, said device comprising: 

(a) a horizontal row of constantly-energized light 
sources located to one side of said landing area and 
facing in the direction from which said aircraft ap 
proaches; 

(b) a further constantly-energized signal light source 
movable vertically from a location above said row to 
a location below said row, said row of light sources 
thus constituting a reference level for a signal dis 
played to the pilot of said aircraft in accordance with 
the instantaneous vertical position of said movable 
light source; ’ 

(c) electrically-energized apparatus for moving said 
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further light source vertically and in a selected di- ‘ 
rection; and 

(d ) a switch, operable by said aircraft observer, for con 
trolling the energization of said apparatus and hence 
the movement of said further light source to a se 
lected vertical position to thereby convey to the pilot 
of said aircraft information concerning theposition 
of his craft with respect to the correct approach path 
to said landing area. 

2. A device according to claim 1, in which said elec 
trically-energized apparatus for moving said further light 

45 source includes a motor and a threaded shaft mounted 
with its axis of rotation extending vertically: 

(a) a threaded collar encircling said shaft and support 
ing and positioning said further light source thereon; 

(b) means for precluding rotary movement of said cola 
5O lar upon a rotation of said shaft; and 

(c) means, including a gear train, connecting said shaft 
to said motor so that the former will rotate about its 
axis when the motor is energized upon operation of 

55 said switch by said aircraft observer. 
3. A device according to claim 2, further comprising in 

tensity-control means for varying the amount of energy 
supplied to said further light source and hence degree of 
illumination thereof. 
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